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The top quark is unique in the Standard Model by virtue of its large mass, possible role in electroweak symmetry breaking, and
rapid decay without forming bound states. Precise measurements of its properties offer both sensitive tests of the Standard Model
and possible pathways to discovering new physics, and are an important and challenging part of the ATLAS physics program. The
prospects for precise measurements of the top quark mass, top quark decay properties such as polarisation, spin correlations and
anomalous couplings, and rare top decays signalling beyond-Standard Model physics, will be described.
• tt¯ production at LHC: σ=833±100 pb @ 14 TeV
[hep-ph/0003033, Nucl. Phys. B529 (1998) 424]
• semileptonic topology: BR(tt¯→ bqq¯′b¯`ν) ∼ 44%
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ATLAS expectations for L=1 fb−1 and
√
s = 14 TeV
• Triggering @ LHC
is challenging:
– Reduce the
acquisition rate
from 40 MHz to
200 Hz
– still keep the
few in 106
interesting events
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top mass measurement
• mt=173.1±1.2 GeV (current world average)
arXiv:0903.2503 (CDF+D0)
• ATLAS analysis with b-tagging:
– several algorithms for hadronic W
reconstruction (e.g. 2 closest jets and χ2)
– hadronic t reconstructed with b-jet
closest to hadronic W
Systematic uncertainty
Light jet energy scale 0.2 GeV / % JES
b-jet energy scale 0.7 GeV / % JES
ISR/FSR ∼ 0.3 GeV
b-quark fragmentation < 0.1 GeV
Background negligible
Method 0.1 to 0.2 GeV
∆JES(b-jet) ∼ 5%⇒ ∆m ∼3.5 GeV (early data)
∆JES(b-jet) ∼ 1%⇒ ∆m ∼0.7 GeV (ultimate goal)
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tt¯ spin correlations
• Although produced unpolarised, the t spins are correlated in tt¯ events
• Two spin correlations parameters studied using angular distributions: A and AD
1
N
d2N
d cos θ1d cos θ2
=
1
4
(1−A|α1α2| cos θ1 cos θ2), αi = spin analysing power of i = q, `, ν
1
N
dN
d cosΦ
=
1
2
(1−AD|α1α2| cosΦ)
ASM = 0.422, ASMD = −0.290
(mtt¯ < 550 GeV)
for L=1 fb−1:
δA = 0.34 (stat+sys)
δAD = 0.14 (stat+sys)
dominant systematics: b-quark
fragmentation, PDFs, FSR, mt
b
l
+
t rest frame
t rest frame
-
b
-
b
-
l
+
b
tt
-
CM
q
q
q-
q-
/0.512θ*cos1θ-9*cos
-15 -10 -5 0 5 10 15
Ev
en
ts
20
40
60
80
100
120
140
160
180
200
220
240
ATLAS-1L = 220 pb
/0.51Φ-3*cos
-4 -2 0 2 4
Ev
en
ts
20
40
60
80
100
120
140
160
ATLAS
-1L = 220 pb
mean value
gives A
mean value gives AD
W polarisation in tt¯ events
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SM
correction function
corrected distribution
for L=1 fb−1: δFL = 0.02+ 0.03 δF0 = 0.04+ 0.02 δFR = 0.02+ 0.02 (stat + sys)
dominant systematics: hadronization, mt and FSR
FSM0 = 0.695 F
SM
L = 0.304 F
SM
R = 0.001 (F0 + FL + FR = 1)
Wtb anomalous couplings
L = − g√
2
b¯ γµ (VLPL +VRPR) t W−µ −
g√
2
b¯
iσµνqν
MW
(gLPL + gRPR) t W−µ
• Angular distributions of the top decay
products (and asymmetries) can
be used to probe anomalous couplings:
At =
N(cos θ∗`>t)−N(cos θ∗`<t)
N(cos θ∗`>t)+N(cos θ
∗
`<t)
ρR = FR/F0, ρL = FL/F0
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Search for FCNC decays
Process SM QS 2HDM MSSM R6 SUSY ATLAS, L=1 fb
−1
exp. 95% CL
t→ qγ ∼ 10−14 ∼ 10−9 ∼ 10−6 ∼ 10−6 ∼ 10−6 6.8× 10−4
t→ qZ ∼ 10−14 ∼ 10−4 ∼ 10−7 ∼ 10−6 ∼ 10−5 2.8× 10−3
t→ qg ∼ 10−12 ∼ 10−7 ∼ 10−4 ∼ 10−5 ∼ 10−4 1.2× 10−2
[theoretical expectations from Acta Phys. Polon. B35 (2004) 2695]
Normalised discriminant variables:
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EXCLUDED
REGIONS
Systematic uncertainties:
δsys(t→ qγ) ∼ 32%
δsys(t→ qZ) ∼ 25%
δsys(t→ qg) ∼ 27%
Search for tt¯ resonances
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Z′ → tt¯ signal
efficiency
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5σ discovery potencial
Using the standard tt¯ analysis ATLAS
will be able to discover a Z′ with a
mass of 700 GeV decaying into tt¯ if
σ× BR > 11 pb (L=1 fb−1)
For higher tt¯ masses, the t-quarks
have higher boosts and the re-
construction efficiency drops (the
hadronic t decay products merge to
create a single jet)
Dedicated analysis for high mass tt¯ resonances:
likelihood ratio: yL ∝ ln
( ΠNk=1Psignalk
ΠNk=1P
background
k
)
mZ′ = 2-3 TeV
requiring yL > 0.9
95% CL limit on
σ× BR:
0.65 pb (mtt¯ = 2 TeV)
0.18 pb (mtt¯ = 3 TeV)
(L=1 fb−1)
References: 1. The ATLAS Collaboration, “Expected Performance of the ATLAS Experiment - Detector, Trigger and Physics”, arXiv:0901.0512
2. The ATLAS Collaboration, “Reconstruction of High Mass tt¯ Resonances in the Lepton+Jets Channel”, ATL-PHYS-PUB-2009-081
